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DESCRIPTION 



CULTURE METHOD OF CONTROLLING THE COMPOSITION 
OF COPOLYMER POLYESTER 



TECHNICAL FIELD 
The present invention relates to a culture method for 
controlling a composition of a copolyester produced by a 
microorgani sm . 

BACKGROUND ART 
Up to now, a large number of microorganisms have been known 
to store polyester as an energy source substance within cells. 
A typical example of the polyester is poly-3-hydroxybutyric 
acid (hereinafter referred to briefly as "P(3HB)") . P(3HB) is 
a thermoplastic polymer and is biodegradable in the natural 
environment and, thus, has recently attracted attention as an 
ecofriendly green plastic. However, since P(3HB) is high in 
crystallinity, it is hard and fragile by nature, so that the 
range of practical application thereof is limited. Therefore, 
studies have been undertaken to modify the P(3HB) for improving 
these properties. 

In the course of the study, a production method of a 
copolymer P ( 3HB-CO-3HV) derived from 3-hydroxybutyric acid 
(hereinafter, referred to briefly as M 3HB") and 
3-hydroxyvaleric acid (hereinafter, referred to briefly as 
"3HV") have been developed (Japanese Kokai Publication 
Sho-57-150393, Japanese Kokai Publication Sho-59-220192 and 
Japanese Kohyo Publication Hei-11-500008) . This 
P (3HB-CO-3HV) is rich in flexibility as compared with P(3HB), 
hence it was considered to have a wide application range. 
Methods for producing the copolymer described in these patent 
documents comprise growing cells in the first stage and 
culturing a microorganism with restricting nitrogen or 
phosphorus in the latter stage to produce the copolymer 



similarly to the conventional methods for producing P(3HB). 
Moreover, as for P ( 3HB-co-3HV) , since the flexibility changes 
as a content of 3HV increases, researches for controlling the 
composition ratio of 3HV have also been made. For example, 
propionic acid is used in Japanese Kokai Publication 
Sho-57-150393 and Japanese Kokai Publication Sho-63-269989, 
and propan-l-ol is used in Japanese Kokoku Publication 
Hei-7-79705, and by changing an addition amount thereof to a 
medium, the 3HV content is controlled to produce P (3HB-CO-3HV) 
having the 3HV content of 10 to 90 mol%. Actually, however, 
P (3HB-co-3HV) shows only slight changes in the characteristics 
even when the 3HV content is increased. In particular, the 
flexibility is not improved to such an extent required for its 
use in films and the like. Thus, it has been used only in the 
field of rigid shaped articles such as shampoo bottles and 
disposable razor grips. 

Under such circumstances, for making up the 
above-mentioned drawbacks of the copolymer derived from 3HB and 
3HV, copolyesters containing, as a component, a hydroxyalkanoic 
acid other than 3HB and 3HV such as 3-hydroxypropionic acid 

(hereinafter referred to briefly as M 3HP ,ir ) , 3-hydroxyhexanoic 
acid (hereinafter referred to briefly as "3HH") , 
3-hydroxyoctanoic acid (hereinafter referred to briefly as 
M 3HO"), 3-hydroxynonanoic acid (hereinafter referred to 
briefly as "3HN") , 3-hydroxydecanoic acid (hereinafter 
referred to briefly as "3HD") or 3-hydroxydodecanoic acid 

(hereinafter referred to briefly as XX 3HDD") are intensively 
studied (Poirier, Y., Nawrath C, Somerville C, 
BIO/TECHNOLOGY, 13, 142-150, 1995) . Among them, noteworthy 
studies are those on a copolyester comprising 3HB and 3HH unit, 
particularly a copolymer P ( 3HB-co-3HH) derived only from 3HB 
and 3HH, and on a production method thereof (Japanese Kokai 
Publication Hei-05-93049 and Japanese Kokai Publication 
Hei-07-265065) . The production methods of P ( 3HB-CO-3HH) 
described in these patent documents comprise a fermentation 



3 

production from fatty acids such as oleic acid or oils and fats 
such as olive oil by using Aeromonas caviae isolated from soil . 
A study regarding characteristics of P (3HB-co-3HH) has also 
been conducted (Y. Doi, S. Kitamura, H. Abe, Macromolecules 28, 
5 4822-4823, 1995) . This document reports a fermentation 

production of P (3HB-CO-3HH) with a 3HH content of 11 to 19 mol% 
by culturing A. caviae with a fatty acid of not less than 12 
carbon atoms as the only carbon source. The result shows that, 
as the 3HH content increases, P ( 3HB-co-3HH) exhibits a gradual 

10 increase of flexibility from the hard and brittle 

characteristics of P(3HB) and finally shows more flexibility 
than P(3HB-co-3HV) . 

Additionally, it was reported that a polyhydroxyalkanoic 
acid(PHA) synthase gene from A. caviae was cloned and introduced 

15 into R. eutropha having a high accumulating ability of 

polyhydroxybutyric acid(PHB) of not less than 90% to generate 
a recombinant strain, which was then used to produce 
P (3HB-co-3HH) using fatty acids as a carbon source (T. Fukui, 
Y. Doi, J. Bacterid., vol, 179, No. 15, 4821-4830, 1997 and 

20 Japanese Kokai Publication Hei-10-108682) . In these documents, 
it is reported that P (3HB-CO-3HH) having the 3HH content of 
10 to 20 mol% may be produced by using sodium octanoate as a 
carbon source. Furthermore, a method has been recently 
disclosed which comprises using multiple carbon sources in 

25 producing a polyester using the above recombinant strain, and 
it was revealed that a carbon number of an oil or fat or a fatty 
acid used as a carbon source had an influence on the 3HH-content 
of P (3HB-co-3HH) (Japanese Kokai Publication 2001-340078). 
If the composition ratio of monomeric units in 

30 copolyesters such as P ( 3HB-CO-3HH) , particularly the 3HH 

content may be controlled in an optional wide range in the future, 
both hard copolymers and soft copolymers may be produced by 
fermentation, and such copolymers will find a wide range of 
applications, from chassis for TV-set, which is required to be 

35 hard, to a thread or a film, which are required to be flexible. 
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As described above, with respect to copolyesters such as 
P (3HB-CO-3HH) , it is most important to establish a technology 
capable of arbitrary controlling the composition ratio of the 
copolyester in order to achieve practical or commercial 
5 application as well as to satisfy demands of consumers . Another 
barrier for the practical application is high production cost. 
With regard to that, a specific expensive fatty acid is required 
to be added to a culture medium for copolymerizing monomeric 
units other than 3HB or for increasing the content thereof in 

10 the conventional methods of producing a copolyester (Japanese 
Kohyo Publication Hei-11-500008 and Japanese Kokai Publication 
2001-340078). Moreover, with respect to P ( 3HB-CO-3HH) , the 
yield of cells is low in any methods disclosed hitherto, and 
not only expensive carbon sources are required but also the 

15 productivity tends to be more deteriorated when trying to 

enhance the 3HH content . Thus, none of the conventional methods 
can be adopted as a production method for practical application 
of the polymer. As described above, it is essential to control 
the composition ratio of the monomeric unit in a copolyester 

20 in order to find a wide range of applications for the copolyester. 
Whereupon, it has been long awaited to develop a technology 
which may realize a high productivity . of cells and polymer 
content in low cost as well, and which enables 
to arbitrary control the composition of the copolyester. 

25 

SUMMARY OF THE INVENTION 
In view of the above-mentioned state of the art, the 
present invention provides a production method capable of 
controlling a composition of a biodegradable copolyester as 
30 well as achieving a high productivity in low cost. 

The present inventors have made various investigations, 
and particularly have studied on various fermentation raw 
materials in view of prices, supply stability, quality 
stability, yield of cells or polymers and the like . As a result, 
35 they have succeeded in culturing a microorganism accumulating 



5 

a copolyester with an inexpensive oil or fat as a carbon source 
while maintaining the high productivity and preferably 
controlling the monomer composition within an optional range 
without particularly using an expensive fatty acid and the like . 
5 Thus, the point of the present invention relates to a 

culture method which comprises controlling a specific substrate 
feed rate of an oil or fat to be used as a carbon source at a 
constant value throughout the whole culture period, or dividing 
the culture period into two phases consisting of a cell growth 

10 phase and a polyester accumulation phase and controlling the 
specific substrate feed rate at a constant value during the 
respective phases. The present invention further relates to 
a culture method comprising controlling the composition of the 
produced copolyester by selecting the species and/or the 

15 control value of the specific substrate feed rate, 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, the present invention is described in 
detail. 

20 The culture method for controlling the composition of the 

copolyester according to the present invention comprises 
controlling the specific substrate feed rate of an oil or fat 
to be used as a carbon source at a constant value throughout 
the whole culture period, or applying the different rate between 

25 the cell growth phase and the polyester accumulation phase and 
controlling the rate at a constant value during the respective 
phases. Thus, the said culture method is applied to a 
production of a biodegradable copolymer using a microorganism. 
Although there is no particular limitation on a 

30 copolyester capable of being applied to the culture method of 
the present invention, as long as it is a copolyester that may 
be obtained by polymerization of at least two monomeric units. 
As said copolyester, specifically, there may be mentioned a 
copolyester P (3HB-CO-3HH) derived from 3HB and 3HH; a copolymer 

35 derived from three components of 3HB, 3HH and 3HV; and another 



1 t 

6 

copolymer containing, as components, multiple elements such as 
3HB, 3HH, 3H0, 3HD and 3 HDD produced by bacteria belonging to 
the genus Pseudomonas as typical examples (I.K.P. Tan, K.S. 
Kumar, M. Theanmalar, S.N. Gan, B. Gordon III, Appl . Microbiol. 
5 Biotechnol., 47, 207-211, 1997; R.D. Ashby, T.A. Foglia, Appl. 
Microbiol. Biotechnol., 49, 431-437, 1998). Among them, a 
copolymer containing 3HH as one of the monomeric units is 
preferable in the point that properties of the polyester may 
change in a very wide range by altering the composition of the 

10 monomer unit, particularly the 3HH content, of the copolyester, 
and P (3HB-co-3HH) is more preferable. 

In the culture method according to the present invention, 
there is no particular restriction on a microorganism to be used, 
and microorganisms isolated from nature or those deposited to 

15 deposit authorities of strains (e.g. IFO, ATCC, etc.) may be 
used. Specifically, bacteria belonging to the genus 
Alcaligenes , the genus Ralstonia , the genus Aeromonas , the 
genus Pseudomonas , the genus Escherichia and the like may be 
used. 

20 Moreover, in the case that a wild-type of the above 

microorganisms cannot produce an objective copolymer, or the 
case that the production amount is low, the above microorganisms 
may be transformed by introducing a polymerase gene of the 
objective copolyester and the obtained transformed 

25 microorganism may be used. To produce the transformed 

microorganism, general methods may be used which, for example, 
utilizes a recombinant vector containing a polyester polymerase 
gene. As said recombinant vector, a plasmid vector capable of 
growing autonomously within the cells may be used. Moreover, 

30 said polyester polymerase gene may be directly incorporated 
into the chromosome of the host. As the host, bacteria 
belonging to the genus Alcaligenes , the genus Ralstonia , the 
genus Aeromonas , the genus Pseusomonas , the genus Escherichia 
and the like may be used. 

35 The polyester polymerase gene to be used in the method 



for producing a copolyester according to the present invention 
is not particularly restricted. However, preferred is a gene 
isolated from Aeromonas caviae , and for example, a gene fragment 
described in Japanese Kokai Publication Hei-10-108682 may be 
5 used. 

Additionally, the conventional methods may be applied in 
introducing the recombinant vector to the microorganism. For 
example, the conjugation method, the calcium method, the 
electroporation method and the like may be used. 

10 As a preferable example of the microorganism to be used 

in the present invention, there may be mentioned a Ralstonia 
eutropha strain PHB-4/p JRDEE32dl3, which is obtained by 
introducing a polyester polymeraze gene derived from Aeromonas 
caviae into Ralstonia eutropha (T. Fukui . , Y. Doi . , Appl . 

15 Microbiol. Biotechnol . , 49, 333-336 (1998)). 

This strain is internationally deposited to the National 
Institute of Advanced Industrial Science and Technology, 
International Patent Organism Depositary (Central 6, 1-1-1, 
Higashi, Tsukuba, Ibaraki, JAPAN) on the date of August 7, 1997 

20 with the name of Alcaligenes eutrophus AC 32 in an accession 
number of FERM BP-6038 under Budapest treaty. 

As a fermentation material used in the culture method of 
the present invention, an inexpensive oil or fat is used as a 
main carbon source for producing a copolyester from viewpoints 

25 of price, supply stability, quality stability, yield of cells 
or polymers, and the like. The term "main" as used herein means 
accounting for not less than 50% of the entire carbon source. 
As the carbon sources other than oils and fats, saccharides such 
as glucose, fructose, sucrose and lactose may be used, for 

30 example. 

A medium containing a nitrogen source, inorganic salts, 
vitamins and other general organic nutrient sources maybe used 
as a nutrient source other than the carbon source. As the 
nitrogen source, there may be mentioned inorganic nitrogen 
35 sources e.g. ammonia, ammonium salts such as ammonium chloride, 
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ammonium sulfate and ammonium phosphate, and organic nitrogen 
sources such as peptone, meat extract and yeast extract, for 
instance. As the inorganic salts, there may be mentioned 
potassium dihydrogenphosphate, dipotassium hydrogenphosphate, 
5 magnesium phosphate, magnesium sulfate or sodium chloride and 
the like, for instance. As the vitamins, there may be mentioned, 
for example, vitamin Bl, vitamin B12, vitamin C, and the like. 
As the other organic nutrient sources, there may be mentioned 
amino acids such as glycine, alanine, serine, threonine, 

10 proline and the like, for example. However, from a viewpoint 
of suppressing the production cost , it is preferable to use only 
a minimum amount of organic nitrogen sources such as peptone, 
meat extract and yeast extract; amino acids such as glycine, 
alanine, serine, threonine and proline; vitamins such as 

15 vitaminBl, vitamin B12 and vitamin C . Particularly among them, 
the amount to be used of peptone, yeast extract, meat extract 
or the like is more preferable to be kept in a minimum amount. 

Generally, a production of polyester by a microorganism 
is preferably accomplished under the condition in which 

20 nutrients necessary for cell growth such as nitrogen and 
phosphorus are restricted to certain levels. Also in the 
present invention, such nutrient restriction may be carried out 
and, inter alia, it is more preferable to restrict nitrogen or 
phosphorus, and it is still more preferable to restrict only 

25 phosphorus without restricting nitrogen. Moreover, 

"restriction of phosphorus" in the present invention does not 
mean the condition that completely no phosphorus atom is 
contained in a medium but means the condition in which 
phosphorus as a nutrient source is contained in a minimum amount 

30 necessary for growth. That is, it means the condition with a 
growth amount of cells being limited by phosphorus, and does 
not exclude phosphorus contained in a small amount as an 
inorganic salt in a medium. 

As the oils or fats to be used as carbon sources in the 

35 present invention, there may be used natural oils which are 
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supplied in a relatively stable manner such as soybean oil, corn 
oil/ cottonseed oil, palm oil, palm kernel oil, coconut oil and 
peanut oil; respective fractionated oils and fats obtained by 
fractioning these oils (for example, "palm W olein oil" 
5 (low-melting point fraction obtained by fractionating palm oil 
twice without solvent) , "palm kernel olein oil" (low-melting 
point fraction obtained by fractionating palm kernel oil once 
without solvent) ) or the like; synthesized oils obtained by 
treating these natural oils and fractions thereof chemically 

10 or biochemicallly; and further mixed oils obtained by mixing 
these oils. Among them, it is preferable to use natural oils 
or fats and fractionated oils or fats, and it is more preferable 
to use natural oils or fats and inexpensive fractionated oils 
or fats from a viewpoint of economy. 

15 Herein, it is possible to control the species and 

composition ratio of the monomeric units constituting the 
copolyester by appropriately selecting the oils or fats to be 
used. For example, in the case a copolyester with a high 3HH 
content is desired in producing a copolyester comprising 3HH 

20 unit, it is preferable to use an oil or fat containing lauric 
acid in the constituent fatty acids, which is commonly called 
as "lauric oils". Oils or fats containing lauric acids in the 
constituent fatty acid include natural oils and fats such as 
palm kernel oil and coconut oil, fractionated oils and fats such 

25 as palm kernel olein oil, and mixed oils containing these lauric 
oils and fats. 

When the case of P (3HB-co-3HH) is explained more 
specifically, P (3HB-co-3HH) with a relatively high 3HH content 
of 4 to 20 mol% may be obtained using lauric oils, and 

30 P (3HB-CO-3HH) with a relatively low 3HH content of 1 to 10 mol% 
may be obtained using soybean oil, corn oil, cottonseed oil, 
palm oil, peanut oil or a fractionated oils of these oils. 
Furthermore, the 3HH content of P ( 3HB-co-3HH) maybe arbitrary 
controlled by using a mixed oil obtained by mixing two or more 

35 species of these oils and by altering the mixing ratio 
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optionally. 

In addition, it is particularly preferable that the oils 
or fats used as carbon sources contain lauric acid in 
constituent fatty acids and cultured under the condition in 
5 which phosphorus is restricted. 

In general, when an oil or fat is added in a fermentation 
medium, as an addition method thereof, there may be considered 
methods such as a shot of a large amount at once, an addition 
in portions and a continuous or intermittent feed. However, 

10 as a result of the investigation conducted by the present 

inventors, it was found that when a large amount is shot at once, 
toxicity for cells may appear by generated fatty acids, or an 
actual operation may become difficult owing to foaming 
attributed to the fatty acids generated. Therefore, in the 

15 present invention, a method comprising feeding an oil or fat 
as a carbon source continuously or intermittently using a pump 
and the like is selected. As a result of the investigation 
conducted by the present inventors for researching the most 
appropriate addition method of an oil or fat as a carbon source, 

20 they found that not only operational problems such as foaming 
may be prevented but also the composition of the produced 
copolyester may be controlled by designing the addition method. 
In the following, the addition method of an oil or fat carried 
but in the culture method of the present invention is described 

25 specifically. 

In the culture method according to the present invention, 
the oils or fats as carbon sources are fed in a manner that the 
specific substrate feed rate of the oils or fats is set at an 
almost constant value throughout the whole culture period or 

30 during the respective phases of the cell growth phase and the 
polyester accumulation phase. 

As used herein, the term "specific substrate feed rate" 
means an amount of an oil or fat supplied per net weight of cells 
during a unit time, that is, a culture parameter defined as a 

35 feed rate of an oil or fat per net weight of cells. The term 



"net weight of cell" means the weight of the cells (weight of 
dried cells) calculated by subtracting the weight of polyester 
contained in the cells from the weight of the whole cells . Thus, 
the specific substrate feed rate may be calculated according 
5 to the following formula (1) : 
(Specific substrate feed rate) 

= (Feed rate of an oil or fat (g/h) ) / (Net weight of cells (g) ) 
= (Supply amount of an oil or fat per hour (g/h) )/[ (Whole cell 
weight (g) ) - (Polyester contained in cells (g) ) ] 

10 In the present invention, in order to set the specific 

substrate feed rate and to control the rate at a constant value, 
it is necessary to predict a change in the net weight of cells. 
The present inventors have extensively studied on the changes 
in the net weight of cells, and have succeeded in predicting 

15 the growth curve of the net weight of cells, which may be used 
in practical applications, through preliminary experiments, 
and finally completed the present invention. 

As a result of the investigation conducted by the present 
inventors, the holdup of an oil or fat exist in a culture broth 

20 (volume ratio of the oil or fat accounting for the whole culture 
broth (medium + cells + oil or fat) is as small as not more than 
10% within the feed rate of the oil or fat capable of realizing 
a stable culture, and there seems no particular change in a 
droplet diameter of the oil or fat determined by stirring and 

25 aeration conditions. Thus, it is presumed that there is no 
significant difference in a rate of substrate uptake, which is 
governed by the interface area of a droplet diameter of the oil 
and fat and, and as a result if the species of the oil or fat 
and other culture conditions are the same, changes in the net 

30 weight of cells may be approximately represented by a single 
growth curve within the range of the feed rate of the oil or 
fat capable of stable operation. 

Moreover, since the production of a biodegradable 
polyester is conducted under the condition nitrogen or 

35 phosphate being limited as described below, the net weight of 
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cells does not almost change and becomes constant after the 
depletion of nitrogen or phosphorus. Accordingly, once the 
species of an oil or fat and culture conditions are determined, 
the feed rate of the oil or fat may be appropriately changed 
5 under that condition within the range that the supply of the 
oil or fat is not insufficient but is not excess (in the actual 
operation, the feed rate is adjusted in accordance with the 
observation of the thickness of the oil or fat layer in the 
culture supernatant) . Data on the changes in the net weight 

10 of cells may thus be collected. In this way, the growth curve 
of the net weight of cells may be obtained. On the basis of 
the growth curve, an addition amount of the oil or fat required 
for maintaining the predetermined constant value of the 
specific substrate feed rate during the culture period or during 

15 the period of a particular phase as described above may be 
calculated based on the above formula (1) . Then, in accordance 
with the calculation results, the oil or fat may be fed by 
changing the feed rate continuously (stepwisely) or 
intermittently . 

20 Furthermore, as an indirect method, there may be 

mentioned a method comprising measuring an oxygen concentration 
and a carbon dioxide concentration in an exhaust gas to estimate 
the net weight of cells by the oxygen consuming rate or the carbon 
dioxide generation rate to control the specific substrate feed 

25 rate on a real-time basis. However, as a result of the 

investigation conducted by the present inventors, a significant 
change is acknowledged in the above respiration property 
between the cell growth phase, in which nitrogen or phosphorus 
does not become depleted, and the polyester accumulation phase, 

30 which is after depletion. Therefore, it is preferable to study 
the respiration property in the growth phase and the production 
phase in detail beforehand. 

In the present invention, either of the following methods 
may be used to control the specific substrate feed rate at a 

35 certain constant value: a method comprising controlling the 
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specific substrate feed rate at a constant value throughout the 
whole culture period, and a method comprising dividing the whole 
culture period into two phases of the cell growth phase and the 
polyester accumulation phase and controlling the specific 
5 substrate feed rate at a constant value separately so as to be 
the set value during the respective phases. To control the 
specific substrate feed rate at a constant value throughout the 
whole culture period or during a particular phase, it is 
required to change the feed rate of the oil or fat continuously 

10 (stepwisely) or intermittently so as to satisfy the set value 
of the specific substrate feed rate. 

For changing the feed rate of the oil or fat continuously 
(stepwisely), the rate may be controlled by using a computer, 
for example . Although an automatic control may be possible when 

15 the rate is changed intermittently or stepwisely, a manual 
operation of the feed rate is also possible; thus it is 
convenient. For intermittent or stepwise alteration, it will 
be sufficient if the preset specific substrate feed rate is 
fulfilled as an average over the supply period even if the rate 

20 is not always completely fulfilled in a strict sense. 

As described above, by the method of the present invention 
which comprises controlling the specific substrate feed rate 
at a constant value throughout the whole culture period or 
during a particular period of the whole culture period, an 

25 improvement of the productivity of copolyester and control on 
the composition ratio of monomer units may be achieved for the 
first time. The conventional culture methods, such as that 
total of the predetermined amount of oil or fat should be shotted 
in an early stage of a culture, that fed-batch culture should 

30 be performed with a constant feed rate of oil or fat during the 
whole culture period, and that an addition amount of oil or fat 
is altered based on experiences instead of using the specific 
substrate feed rate, have been inadequate to such improvement 
of the productivity and the composition control of polyester. 

35 In this specification, the term "throughout the whole 
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culture period" refers to the whole period of the main culture 
for the production of the polyester from the beginning to end 
of the culture. The term "controlling the specific substrate 
feed rate at a constant value throughout the whole culture 
5 period" means selecting the same constant value of the specific 
substrate feed rate and controlling the feed rate of the oil 
or fat at the value during both of the cell growth phase and 
polyester accumulation phase. As used herein, the cell growth 
phase and polyester accumulation phase of the culture indicate 

10 the first phase (the cell growth phase) , in which there is 
sufficient amount of nitrogen or phosphate in a medium, the 
cells grow actively, and the polyester accumulation rate is not 
so high, and the latter phase (the polyester accumulation phase) , 
in which the concentration of nitrogen or phosphate is reduced 

15 in the medium, cell proliferation is limited, and the polyester 
accumulation rate increases, respectively, when the culture 
period is roughly divided into two phases. The improvement of 
the productivity of the copolyester and control of the 
composition ratio of monomeric units may be achieved more 

20 efficiently by setting different values of the specific 

substrate feed rate for each culture phase and carrying out the 
culture with controlling the specific substrate feed rate at 
a constant value set individually for each phase during the 
culture . 

25 Although the range of the specific substrate feed rate 

applied in the method of the present invention differs depending 
on the species of the oil or fat used and on the phase of the 
culture, it is typically 0.05 to 0.20 (g; oil or fat) * (g; net 
weight of dried cells)* 1 x (hour) " 1 , preferably 0.06 to 0.15 

30 (g; oil or fat) x (g; net weight of dried cells)" 1 * (hour) _1 , 
and more preferable 0 . 07 to 0 . 12 (g; oil or fat) * (g; net weight 
of dried cells)" 1 x (hour) " 1 . 

In the present invention, it has been first discovered 
that the 3HH content of P ( 3HB-co-3HH) increases as the specific 

35 substrate feed rate decreases. Thus, if P ( 3HB-co-3HH) with a 
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high 3HH content is desired, the culture may be carried out with 
setting a low specific substrate feed rate (for example, 0.06 
to 0.08 (g; oil). * (g; net weight of dried cells)" 1 * (hour)" 1 ) . 
In addition, if specific substrate feed rate is altered 
5 depending on a phase of the culture, the 3HH content may be 
enhanced more efficiently without decreasing the productivity 
of the copolyester by setting the specific substrate feed rate 
to be higher during the cell growth phase (for example, 0.09 
to 0.13 (g; oil) * (g; net weight of dried cells)" 1 * (hour)" 1 ) 

10 and the rate during the polyester accumulation phase to be lower 
(for example, 0.06 to 0.08 (g; oil) * (g; net weight of dried 
cells)" 1 x (hour)" 1 ) . 

Furthermore, as described above, it is possible to 
control the composition of the produced copolyester by 

15 appropriately selecting the species of oils and fats. 

Accordingly, it becomes possible to control the composition of 
the produced copolyester, for example, the 3HH content of 
P (3HB-co-3HH) and the like to the desired composition ratio by 
altering the species of the oil or fat, the control value of 

20 the specific substrate feed rate or further selecting a 
preferable combination of these. 

The culture temperature of the microorganism may be any 
temperature as long as the cells may grow, but preferably at 
20 to 40°C, more preferably at 25 to 35°C. The culture period 

25 is not particularly restricted and may be 1 to 7 days, preferably 
4 0 to 70 hours. 

The above explained control of the specific substrate 
feed rate, selection of the species of the oil or fat, 
restriction of nitrogen or phosphorus in producing the 

30 polyester are carried out in a main culture in a polyester 
production medium. Incidentally, the microorganisms are 
generally cultured in a seed medium or a preculture medium to 
grow cells to a certain level prior to the main culture in the 
polyester production medium. In such a case, the same nutrient 

35 sources as described above may be used in the seed medium or 



the preculture medium. The culture temperature in these media 
may be the similar to the above polyester production medium, 
and the culture period is preferably 1 to 2 days, respectively. 
Additionally, when the transformed microorganism is used, 
5 for example, antibiotics such as kanamycin, ampicillin and 
tetracycline, which correspond to a resistant gene exist in 
vectors, may be added to a preculture medium. 

In the present invention, a method of collecting the 
copolyester from bacterial cells is not particularly restricted, 

10 and the conventional solvent extraction methods, physical cell 
disruption, and chemical treatment, etc., for example, the 
following methods may be used. After completion of a culture, 
cells are separated from a culture broth by using a centrifuge 
and the like, then the cells are washed with distilled water, 

15 methanol and the like, and dried. A polyester is extracted 
using organic solvents such as chloroform. Cell components are 
removed from the polyester-containing organic solvent by 
filtration, etc., and poor solvent such as methanol or hexane 
is added to the filtrate to precipitate the polyester. The 

20 supernatant is removed by filtration or centrif ugation, and 
dried to collect a polyester. 

The monomeric unit of the polyester obtained can be 
analyzed by gas chromatography or nuclear magnetic resonance 
spectrometry, for instance . 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows changes in measured values (A and ♦ in the 
Fig.) of the net weight of dries cells (g/L) per unit culture 
broth in two preliminary experiments using palm kernel olein 
30 oil, and growth curves of the net weight of dries cells per unit 
culture broth obtained therefrom. 

Fig. 2 shows theoretical values of a feed rate 
((g-oil/h)L) per unit culture broth of palm kernel olein oil 
(broken line) when a specific substrate feed rate is set to be 
35 0.09 (g; oil) * (g; net weight of dried cells)" 1 * (hour)" 1 , and 
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a pattern of changes of a feed rate per unit culture broth of 
an oil or fat actually fed in Examples (solid line). 

BEST MODE FOR CARRYING OUT THE INVENTION 
5 The present invention is further illustrated by the 

following examples. In the respective following Examples, 
P (3HB-CO-3HH) was produced as a copolyester. The technical 
field of the present invention, of course, is not limited to 
these Examples and is not limited to the production of 
10 P(3HB-co-3HH) . 

For example, it is possible to produce a copolymer other 
than P (3HB-co-3HH) by changing the species of a microorganism 
or a polyester polymerase gene to be used, by using another oil 
or fat as a carbon source or by adding a specific fatty acid. 
15 It is to be noted that the unit of the specific substrate 

feed rate is as follows unless otherwise specified, 
(g; oil or fat) x (g; net weight of dried cells)" 1 x (hour)" 1 

(Example 1) 

20 Ralstonia eutropha strain PHB-4/p JRDEE32dl3 (T. Fukui . , 

Y. Doi., Appl. Microbiol. Biotechnol . , 49, 333-336 (1998)) 
(hereinafter, referred to briefly as "Red 13" strain) was 
cultured as follows. Incidentally, the Red 13 strain is 
deposited internationally to the National Institute of Advanced 

25 Industrial Science and Technology, International Patent 
Organism Depositary (Central 6, 1-1-1, Higashi, Tsukuba, 
Ibaraki, JAPAN) on the date of August 7, 1997 under the name 
of Alcaligenes eutrophus AC 32 in an accession number of FERM 
BP-6038 under Budapest treaty. 

30 The composition of the seed medium was made to comprise 

1 w/v% Meat-extract, 1 w/v% Bacto-trypton, 0.2 w/v% 
Yeast-extract, 0.9 w/v% Na 2 P0 4 • 12H 2 0, 0.15 w/v% KH 2 P0 4 and pH 
6.8. 

The composition of the preculture medium was made to 
35 comprise 1.1 w/v% Na 2 P0 4 • 12H 2 0, 0.19 w/v% KH 2 P0 4 , 1.29 w/v% 
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(NH 4 ) 2 S0 4 , 0.1 w/v% MgS0 4 -7H 2 0, 2.5 w/v% palm W olein oil, 0.5 
v/v% trace metal salt solution (1.6 w/v% FeCl 3 '6H 2 0, 1 w/v% CaCl 2 
•2H 2 O,0.02 w/v% CoCl 2 -6H 2 0, 0.016 w/v% CuS0 4 -5H 2 0 and 0.012 w/v% 
NiCl 2 # 6H 2 0 were dissolved in 0 . 1 N hydrochloric acid) , and 5*10" 6 
5 w/v% kanamycin. 

The composition of the polyester production medium was 
made to comprise 0.385 w/v% Na 2 P0 4 / 12H 2 0, 0 . 067 w/v% KH 2 P0 4 , 0.291 
w/v% (NH 4 ) 2 S0 4/ 0.1 w/v% MgS0 4 -7H 2 0, 0.5 v/v% trace metal salt 
solution (1.6w/v% FeCl 3 -6H 2 0, 1 w/v% CaCl 2 -2H 2 0, 0.02 w/v% CoCl 2 

10 -6H 2 0, 0.016 w/v% CuS0 4 *5H 2 0 and 0.012 w/v% NiCl 2 -6H 2 0 dissolved 
in .0.1 N hydrochloric acid) and 0.05 w/v% B I OS PUREX2 0 OK 
(antifoaming agent : product of Cognis Japan Ltd.) . Palm kernel 
olein oil, which is a low melting point fraction fractionated 
from palm kernel oil, was used as a carbon source and fed at 

15 a specific substrate feed rate of 0.08, 0.09 and 0.10 (g; oil 
or fat) x (g; net weight of dried cells)" 1 * (hour)" 1 , 
respectively, throughout the whole culture period. 

The growth curve of the net weight of dried cells, which 
forms the basis for the control of the specific substrate feed 

20 rate, was prepared based on the results obtained from the 
culture conducted as a preliminary experiment, in which 
addition amount of palm kernel olein oil was adjusted in 
accordance with the observation of the thickness of the oil 
layer in the culture supernatant. More specifically, from the 

25 data on the changes in the net weight of dried cells per unit 
culture broth in the preliminary experiment, the one showing 
a linear growth until 3 6-hour culture and thereafter the net 
weight of dried cells per unit culture broth maintained at a 
constant value was employed, as shown in Fig. 1. 

30 Fig. 2 and Table 1 show theoretical values of the feed rate 

per unit culture broth of palm kernel olein oil (broken line) 
and a pattern of stepwise changes in the feed rate per unit 
culture broth of the oil or fat actually fed in the following 
Examples (solid line) in the case the specific substrate feed 

35 rate is set to be 0.09 (g; oil or fat) * (g; net weight of dried 
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cells)" 1 x (hour)" 1 using the growth curve of the net weight of 
dries cells obtained in Fig, 1. 

Incidentally, in Fig. 1, 2 and the following Tables 1 to 
8, L represents culture broth (total content of medium, cells 
5 and oil or fat) as liter, and h represents hour. 



Table 1 



Culture period 
(hour; 


Feed rate of oils and fats 
Ug-oil/rO/U 


Stepwise change of feed rate 
Ug"oil/n;/Lj 


0 


0.00 


U.Oo 


14 


1.16 


1.24 


1 R 
1 0 






20 


1.65 


1.82 


24 


1.98 


2.14 


28 


2.31 


2.48 


32 


2.64 


2.81 


36 


2.97 


2.97 


40 


2.97 


2.97 


44 


2.97 


2.97 


48 


2.97 


2.97 


52 


2.97 


2.97 


56 


2.97 


2.97 


60 


2.97 


2.97 



10 A glycerol stock (50pl) of Red 13 strain was inoculated 

to a seed medium (10 ml) and cultured for 24 hours. Then, the 
resultant was inoculated in a ratio of 0*2 v/v% to a 5 L jar 
fermentor (MDL-500 type, product of B.E. Marubishi Co., Ltd.) 
containing 3 L of the preculture medium. The running condition 

15 was set to be a culturing temperature of 30 °C, a stirring rate 
of 500 rpm, an aeration rate of 1 . 8 L/min. The culture was carried 
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out for 28 hours with controlling pH between 6.7 and 6.8. 7% 
ammonium hydroxide solution was used for the pH control . 

The polyester production culture was carried out as the 
following. 10 L jar fermentor (MDL-1000 type, product of B.E. 
5 Marubishi Co., LTD.) containing 6 L of the production medium 
was inoculated with 1.0 v/v% of the preculture seed. The 
running condition was set to be a culturing temperature of 28 
°C, a stirring rate of 400 rpm, an aeration rate of 3.6 L/min 
and pH was controlled of between 6 . 7 and 6.8% ammonium hydroxide 

10 solution was used for the pH control. 14% ammonium hydroxide 
solution was used for the pH control. The culture was carried 
out for 60 hours, samplings were conducted at every 4 hours after 
16 hours of the culture, cells were collected by a 
centrifugation, washed with methanol, lyophilized and the 

15 weight of the dried cells was measured. 

To approximately 1 g of the dried cell obtained was added 
with 100 ml of chloroform, and the mixture was stirred overnight 
at a room temperature to extract a polyester within cells.. 
After the cell residue was filtered off, the resultant was 

20 concentrated by an evaporator until the total content to be 30 
ml, approximately 90 ml of hexane was added gradually with 
stirring slowly, and allowed to stand for 1 hour. The 
precipitated polyester was filtered off, and dried in vacuo for 
3 hours at 50°C. The weight of the dried polyester was measured 

25 and the content of the polyester within the cells were 
calculated. 

Approximately 20 mg of the obtained dried polyester was 
added with 2 ml of a sulfuric acid-methanol mixture (15:85) and 
2 ml of chloroform, and the container was sealed. The obtained 

30 mixture was heated at 100°C for 140 minutes to obtain 

methylester of a polyester decomposition product. After 
cooling, 1.5 g of sodium bicarbonate was added by little and 
little to neutralize, and the mixture was left until generation 
of carbon dioxide stops. After 4 ml of diisopropyl ether was 

35 added and well-mixed, the mixture was centrifuged to analyze 



r 
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a composition of a monomeric unit of the polyester decomposition 
product in a supernatant by a capillary gas chromatography. The 
used gas chromatograph was GC-17A produced by Shimadzu 
Corporation, and the used capillary column was NEUTRA BOND-1 
5 produced by GL Science Co., LTD. (column length 25 m, column 
inner diameter 0.25 mm and liquid film thickness 0.4 pm) . The 
temperature condition was set to be raising 8°C/min from 100°C 
of an initial temperature to 200°C, and further 30°C/min from 
200°C to 290°C. 

10 Table 2 shows the influence on the composition ratio of 

copolyester and the productivity by the control of the specific 
substrate feed rate. 

Table 2 

15 p(3HB-co-3HH) produced (g/L) 

Specific substrate Culture Culture Culture Culture 

feed rate 24— h 36-h 48— h 60— h 

63 

66 

68 

3HH content (moi%) 

Specific substrate Culture Culture Culture Culture 

feed rate 24— h 36 — h 48— h 60— h 

11.1 

8.9 

7.5 

From the results, it was found that, although the 
30 productivity was slightly deteriorated as the specific 

substrate feed rate was controlled to be lower, the 3HH content 
of the copolyester was enhanced. In addition, it was observed 
that foam generation during the culture was suppressed more 
preferably as the specific substrate feed rate was set to be 
35 lower. 



0.08 2 15 40 

0.09 3 18 43 

0.10 3 21 46 
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0.08 
0.09 
0.10 



18.2 
15.8 
13.2 



15.1 

12.2 
10.2 



12.4 
10.3 
8.5 
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(Example 2) 

A culture was carried out in the same medium and 
conditions as in Example 1 except that soybean oil was used 
5 instead of palm kernel olein oil. The results shown in Table 
3 were obtained. 

Table 3 

0 P(3HB-co-3HH) produced (g/L) 

Specific substrate Culture Culture Culture Culture 





feed rate 


24-h 


36-h 


48-h 


60— h 




0.08 


2 


33 


55 


62 




0.09 


4 


39 


60 


64 


15 


0.10 


3 


41 


60 


68 



3HH content (moi%) 



Specific substrate Culture Culture Culture Culture 
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feed rate 


24— h 


36— h 


48-h 


60- h 


0.08 


13.2 


6.7 


5.3 


4.1 


0.09 


12.9 


5.8 


4.2 


3.4 


O.IO 


13.8 


4.9 


3.3 


3.2 



25 As shown in Table 3, it was found that soybean oil, 

similarly to palm kernel olein oil, enhanced the 3HH content 
in polyester by controlling the specific substrate feed rate 
to be low. However, when the 3HH contents under the same 
conditions of the specific substrate feed rate were compared 

30 between soybean oil and palm kernel olein oil used in Example 
1, the content was markedly lower in the case of soybean oil. 
Therefore, it was found that a difference in the 3HH content 
was caused by a difference of an oil or fat used as a substrate 
even when the specific substrate feed rate was controlled at 

35 the same value. 



♦ 
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Foaming was preferably suppressed when the specific 
substrate feed rate was set to the lowest value of 0.08 (g; oil 
or fat) x (g; net weight of dried cells) -1 x (hour)" 1 as in Example 
1. 

5 

(Example 3) 

A culture was carried out in the same medium and 
conditions as in Example 1 except that corn oil, cotton seed 
oil, palm kernel oil, coconut oil, peanut oil and palm W olein 

10 oil were used instead of palm kernel olein oil and that the 
specific substrate feed. rate were controlled at 0.06 (g; oil 
or fat) x (g; net weight of dried cells)" 1 x (hour)" 1 and 0.12 
(g; oil or fat) x (g; net weight of dried cells)" 1 x (hour)" 1 
for the respective oils. The results shown in Table 4 were 

15 obtained.. Table 4 summarizes the influence of the specific 
substrate feed rate on the productivity of copolyester and the 
3HH content for the respective oils (the results obtained at 
60-hour culture were compared) . 

20 Table 4 
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30 





Specific substrate feed rate 0.06 


Specific substrate feed rate 0.12 


Oils and fats 


PC3HB— co — 3HH) 

produced 


3HH 

content 

(mol%) 


P(3HB-co-3HH) 
produced 


3HH 

content 

(mol%) 


Corn oil 


63 


3.2 


68 


2.7 


Cottonseed oil 


48 


3.3 


52 


2.7 


Palm W olein oil 


60 


3.3 


62 


3 


Palm kernel oil 


45 


7 


48 


6.8 


Coconut oil 


41 


13.8 


43 


13.5 


Peanut oil 


43 


5.2 


45 


4.6 



As shown in Table 4, for all oils and fats, it was found 
that the 3HH content in copolyester was enhanced by controlling 
35 the specific substrate feed rate to be low, although the 
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productivity of polyester was slightly deteriorated. 
Regarding the 3HH compositions achieved at 60-hour culture, 
there were apparent differences depending on oils and fats used 
as a substrate, even when the specific substrate feed rate was 
5 controlled at the same value. It was found that P ( 3HB-co-3HH) 
with a relatively high 3HH content of 7 to 14 mol% was obtained 
from the lauric oils and fats, i.e. coconut oil and palm kernel 
oil, and P (3HB-CO-3HH) with a relatively low 3HH content of 3 
to 6 mol% was obtained from corn oil, cottonseed oil, palm W 
10 olein oil and peanut oil. The results shown in Table 4 suggest 
that it is possible to obtain a copolyester having the desired 
3HH content while securing the high productivity by selecting 
the species or a set value of the specific substrate feed rate 
and appropriately combining these two parameters. 

15 

(Example 4) 

A culture was carried out in the same medium and 
conditions as in Example 1 except that three mixed oils and fats 
of palm kernel olein oil and soybean oil, that is, mixed oil 

20 A (palm kernel olein oil/ soybean oil = 75/ 25 (v/v) ) , mixed 
oil B (palm kernel olein oil/ soybean oil = 50/ 50 (v/v) , and 
mixed oil C (palm kernel olein oil/ soybean oil = 25/ 75 (v/v) 
were used as substrates. The results shown in Tables 5 to 7 
were obtained. Tables 5 to 7 summarize the influence of the 

25 specific substrate feed rate on the productivity of polyester 
and the 3HH content for the respective mixed oils and fats. 
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Table 5 

Mixed oil A( Palm kernel olein oil/soy bean oil =75/25(v/v)) 



P(3HB-co-3HH) produced (g/L) 



10 



15 



Specific substrate 
feed rate 


Culture 

24-h 


Culture 
36-h 


Culture 
48-h 


Culture 

60— h 


0.08 


3 


16 


39 


64 


0.09 


2 


20 


44 


66 


O.IO 


3 


23 


48 


69 


3HH content (moi%) 


Specific substrate Culture 
feed rate 24— h 


Culture 

36-h 


Culture 

48-h 


Culture 
60-h 


0.08 


16.9 


13.8 


1 1.1 


10.3 


0.09 


14.1 


10.8 


8.6 


7.5 


O.IO 


11 


8.6 


7.5 


7 



Table 6 



Mixed oil B( Palm kernel olein oil/soy bean oil =50/50(v/v)) 
p(3HB-co-3HH) produced (g/L) 
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Specific substrate Culture 
feed rate 24— h 


Culture 
36-h 


Culture 

48-h 


Culture 
60-h 


0.08 


2 


15 


37 


65 


0.09 


3 


21 


42 


66 


O.IO 


2 


22 


48 


70 


3HH content (mo 


1%) 








Specific substrate 
feed rate 


Culture 
24-h 


Culture 
36— h 


Culture 
48-h 


Culture 
60-h 


0.08 


15.9 


12.6 


10.2 


8.1 


0.09 


13.6 


9.8 


7.9 


6.8 


O.IO 


9.9 


7.4 


6.8 


6.3 
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Table 7 

Mixed oil C( Palm kernel olein oil/soy bean oil =25/75(v/v)) 
P(3HB-co-3HH) produced (g/L) 



5 



15 



Specific substrate 
feed rate 


Culture 

24-h 


Culture 
36-h 


Culture 
48-h 


Cultureh 
60— h 


0.08 


3 


12 


36 


66 


0.09 


3 


23 


43 


66 


0.10 


4 


23 


47 


68 


3HH content (moi%) 


Specific substrate 
feed rate 


Culture 
24-h 


Culture 
36-h 


Culture 
48-h 


Culturel-h 
60- h 


0.08 


12.1 


9.2 


7.2 


6.3 


0.09 


1 1.6 


8.3 


6.2 


5.7 


0.10 


8.7 


6.8 


5.8 


5.2 



As shown in Tables 5 to 7, it was found that the 3HH content 
of polyester was enhanced in all the mixed oils and fats by 
controlling the specific substrate feed rate to be low although 

20 the productivity of polyester was slightly deteriorated- As 
for the 3HH content, it was found that the 3HH content was 
enhanced with increase of the ratio of palm kernel olein oil 
in mixed oils and fats. This can also be said from the results 
of Tables 5 to 7 and the cases where palm kernel olein oil and 

25 soybean oil were used in 100% (Table 2 in Example 1 and Table 
3 in Example 2) . The results shown in Tables 5 to 7 suggest 
that it becomes possible to obtain a polyester having the 
desired 3HH content while securing the high productivity by 
combining the species of oils or fats and the control value of 

30 the specific substrate feed rate described in Example 3, and 
in addition to that, by mixing a plurality of oils and fats and 
further by adjusting the mixing ratio. 



35 



(Example 5) 

A culture was carried out in the same medium and 
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conditions as in Example 1 except that palm kernel olein oil 
was used as a carbon source and the specific substrate feed rate 
was controlled at 0.09 (g; oil or fat) * (g; net weight of dried 
cells)" 1 x (hour)" 1 during the cell growth phase, which is until 
5 36-hour culture, and thereafter at 0.08 (g; oil) * (g; net weight 
of dried cells)" 1 * (hour)" 1 during the polyester accumulation 
phase . 

Table 8 
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Culture 


Culture 


Culture 


Culture 


24-h 


36-h 


48-h 


60— h 


P(3HB— co— 3HH) 3 


17 


42 


65 


production amount (g/L) 


3HH Content (mol%) is.o 


13.0 


12.5 


12.3 



15 

It is obvious when the results shown in Table 8 are 
compared with those of Example 1 shown in Table 2 that by 
culturing with a slightly reduced specific substrate feed rate 
during the polyester accumulation phase, the high 3HH content 

20 which is equivalent to or higher than that obtained in the 
culture with the specific substrate feed rate being controlled 
at 0.08 (g; oil or fat) x (g; net weight of dried cells)" 1 * 
(hour)" 1 throughout the whole culture period was attained 
without decreasing the productivity as compared with the 

25 culture with the specific substrate feed rate being controlled 
at 0.09 (g; oil or fat) * (g; net weight of dried cells)" 1 * 
(hour)" 1 throughout the whole culture period. 

INDUSTRIAL APPLICABILITY 

30 In the method according to the present invention, it 

becomes possible to control optionally the composition of the 
copolyester, a biodegradable polymer, which makes drastic 
changes in the properties of the copolyester, as well as to 
stably obtain a high productivity by selecting a control value 

35 for the specific substrate feed rate of an oil or fat used as 
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a carbon source, and further by making a combination of the 
control value for the specific substrate feed rate with the 
species of the oils or fats used. Therefore, a copolyester 
having a wide range of applications may be produced and provided 
industrially in low cost. In addition, foaming attributed to 
an excessive supply of oils and fats may be preferably 
suppressed by controlling the specific substrate feed rate, 
thereby a culture may be stabilized. 



